fection according to the World Health Organization (WHO) (8) and who underwent radiological examinations. For confirmation of 2009 pandemic H1N1, nasopharyngeal swabs were sent to the National Influenza Reference Laboratory at Ankara Hıfzı Sıha Institutue in a viral transport medium and were tested with a reverse-transcriptase polymerase chain reaction (RT-PCR) assay. The study was approved by the Institutional Review Board at Necmettin Erbakan University Meram Medical Faculty. All study participants were required to sign an informed consent form, and those who did not were excluded from the study.
Clinical and laboratory data were extracted from files and electronic medical records. Age at diagnosis, sex, complaints at admission, underlying disorders that were considered as risk factors for severe influenza, respiratory complications (rales, rhonchi, dyspnea, hypoxia, wheezing, pneumothorax, pneumomediastinum), duration of hospitalization, necessity for PICU management, and mechanical ventilation (MV) were recorded.
Fifteen patients were studied by CXR and 7 patients by CT. Chest CT was performed in patients with discordance between the symptoms and the plain radiography appearance, progression of dyspnea despite stable radiographic findings, or the presence of an air-leak complication visible on plain radiography. Posteroanterior radiographs were performed (Multix unit; Siemens, Erlangen, Germany). A technique of 60 kV, 4 mAs, and 180-cm film-focus distance was used for the posteroanterior-projection radiographs. Bedside anteroposterior projection, radiographs were obtained with a mobile unit (AMX 4; GE Healthcare, USA) using a 60 kV, 4 mAs, and a 100-cm film-focus distance. Thorax CT was performed in 15 patients. The studies were performed on a 64-MDCT (multi-detector CT) scanner (Somatom Sensation; Siemens, Erlangen, Germany). The protocol used was as follows: end-inspiratory acquisition, 100 kV, 150-200 mAs, and 1-mm reformation. The images were viewed on both lungs (window width, 1,500 HU; level, -700 HU) and mediastinal (window width, 350 HU; level, 40 HU) settings. All CT examinations were performed without the use of contrast material. The radiological data were reviewed by a consensus between a radiologist and a pediatric pulmonologist with at least 15 years of experience in pulmonary imaging. All images were reviewed on a picture archiving and communication system. Radiological findings were characterized by the type and pattern of opacities and zonal distribution. The findings were classified as normal or abnormal on the basis of an assessment of the lung parenchyma, airways, pleura, hila, and mediastinum. Abnormalities were further characterized as consolidation (homogeneous opacification of the parenchyma obscuring the underlying vessels), GGO (increased attenuation without obscuring the underlying vessels or hazy areas of increased opacity), nodules (focal rounded opacities measuring <3 cm in diameter), tree-in-bud pattern, septal lines, and reticulation (linear opacities forming a meshlike pattern). Any additional lung finding was recorded.
The lung involvement was characterized as unilateral or bilateral. If the involvement was deemed bilateral, the process was categorized as symmetric or asymmetric in nature. The distribution was also categorized as focal, multifocal, and diffuse. Focal was defined as a single focus of abnormality, multifocal as more than one focus, and diffuse as involving the volume of at least one lung and continuous involvement without respect to lung segments.
Predominant distribution was assessed as being in the upper, middle, or lower lung zone. The upper zone was defined as the area above the level of the carina, the middle zone as the area between the level of the carina and the level of infrapulmonary vein, and the lower zone as the area below the level of infrapulmonary vein. Peripheral (subpleural; involving mainly the peripheral one-third of the lung), central (peribronchovascular), or random (without predilection for subpleural or central regions) location of lesions was also recorded.
The presence of associated hilar, paratracheal, or mediastinal LAPs, pleural abnormalities, volume loss, bronchiolar and/or bronchial dilatation, pulmonary interstitial emphysema, pneumomediastinum, pneumothorax, pericardial pleural effusion, air trapping, and cysts was also assessed. A lymph node was considered enlarged when the short-axis diameter was >1 cm at the hilum, mediastinum, paratracheal region, and any other sites. The presence of parenchymal bands, irregular bronchovascular, pleural, or mediastinal interfaces, and traction bronchiectasis was considered evidence of probable fibrosis. Effects of radiological findings on hypoxia, hospitalization periods, need for PICU admission, and prognosis were evaluated.
Statistical Analysis
Statistical analysis was done using SPSS version 16.0 software (SPSS Inc., Chicago, IL, USA). Data were presented as numbers (percentages), mean±standard deviation (SD), or median (range) as appropriate. Categorical variables were compared using the Chi-square test or Fisher's exact test, and continuous variables were compared using the Mann-Whitney U test.
RESULTS
Eighteen patients with confirmed diagnosis of 2009 H1N1 influenza virus infection were evaluated by radiological imagings. Half of the patients were females. The median age of patients was 34 (1-216) months ( Table 1 ). The main symptoms were high fever (94%), cough (83%), and fatigue (50%). The main signs were rales (55.5%), hypoxemia (50%), and pharyngitis/tonsillitis (33.3%) ( Table 2 ). The median time interval between radiological imaging and symptom onset was 1 day (1-2) for CXR and 6 days (1-16 days) for CT examination (Table 3) . Hypoxia was noted in half the children, and the frequency did not change according to ages (p=0.055). A 10-month old girl, who was admitted with encephalopathy, died. Seventeen patients were discharged without residual symptoms. Seven of the patients (38.8%) needed PICU, and only 1 of them (the patient who died) needed MV. Twelve children (66.6%) had 1 or more underlying disorders (Table 3 ). While half of the patients who had an underlying disorder had hypoxia, 40% of the patients who did not have underlying disorder had hypoxia (p=0.64).
CXRs were performed in 15 (83.3%) and thorax CT in 7 (38.8%) children. Four patients (22.2%) had both the radiological imagings, but 2 of them did not have any abnormalities on CXR [median performance time was 1.5 days (1-2)] and had abnormalities on thorax CT [median performance time was 8 (7-9) days]. Abnormal findings were detected in 9 (60%) patients who underwent CXR and 6 (85.7%) patients who underwent thorax CT. CXRs were performed on median first (1-2) day, and thorax CTs were performed on median sixth (1-16) day of hospitalization.
The radiological data of the patients were evaluated together by a radiologist and a pediatric pulmonologist. Thirteen (72.2%) had bilateral (2 symmetric, 11 asymmetric) findings and 1 (5.5%) had uni-lateral. The distribution of lesions was diffuse in 12 (66.6%) patients and multifocal in 5 (27.7%). Predominant distribution was at all zones in 9 (50%) patients and at both middle and lower zones in 5 (27.7%). The location of lesions was random in 8 (44.4%) patients, central dominant in 5 (27.7%), and peripheral dominant in 1 (5.5%). GGO (66.6%) was the leading abnormality, which was followed by reticulation (38.8%), nodules (27.7%), consolidation only (16.6%), treein-bud pattern (11.1%), consolidation with GGO (5.5%), and septal lines (5.5%). LAP (22.2%), air trapping (5.5%), and parenchymal band (5.5%) were other recorded findings (Table 4 ). It was determined that CXR was insufficient to detect subpleural nodules, LAPs, and sometimes GGO. None of the radiological findings affected duration of hospitalization and existence of hypoxia, but having only nodules affected the need for PICU admission (p=0.04). Only one patient (5.5%) with encephalopathy needed MV and died, so the factors affecting mortality rate and need for MV were not statistically detected. Some of the radiological images are shown in Figure 1 .
DISCUSSION
Influenza virus belongs to the orthomyxovirus family of RNA viruses, and human disease is predominantly caused by types A and B (9). Type A virus is the most virulent and can easily mutate; many subtypes of type A have been identified on the basis of the occurrence of surface glycoproteins, hemagglutinin (H), and neuraminidase (N). The novel H1N1 virus has features of North American and Eurasian swine, avian, and human influenza viruses (10) . Most cases of H1N1 are mild and self-limited, and less than 10% of patients require hospitalization. Similar to seasonal influenza, the most common clinical findings at admission are fever, dry cough, sore throat, headache, muscle or joint pain, chills, fatigue, diarrhea, and vomiting, but presentation with dyspnea and respiratory distress is more common in influenza with H1N1 virus, and a rapidly progressive pneumonia can develop in children and young to middle-aged adults (10) (11) (12) . In our study, the main symptoms were also consistent with literature, which are high fever (94%), cough (83%), fatigue (50%), vomiting (33%), and difficulty in breathing (33%).
Interestingly, early in the pandemic, older individuals appeared to be relatively well protected from severe disease from 2009 H1N1, with most infection-associated hospitalizations occurring in young adults (<49 years of age) and children (13) . This contrasts with seasonal influenza epidemics, for which morbidity and mortality are concentrated in the elderly. In addition, to have an underlying disorder is supposed to be a risk factor (14) . In our study group, the median age of the patients was 34 (1-216) months, and 12 children (66.6%) had 1 or more underlying disorders (Table 3) . Therefore, our study group should be accepted as a high-risk group.
Several papers have described imaging findings in adults with influenza A/H1N1 2009 virus of varying severity (15) (16) (17) (18) (19) (20) . Findings ranged from unilateral to bilateral predominant peribronchovascular and subpleural GGO with or without associated focal or multifocal areas of consolidation, predominantly in the basal lung zones, resembling organizing pneumonia. The bilateral lower segment and central area are typically involved. Generally, the lung findings first appeared in the lower zones and then rapidly progressed to the middle and upper zones, and the patchy areas progressed to consolidation. Valente et al. (21) reported the reversed halo sign for the first time in H1N1 pneumonia. The reports related to the radiological findings of novel influenza A (H1N1) in children are fewer, but most children demonstrated almost similar radiological findings observed in adults (3-7). Jartti et al. (22) found that the anatomic location of infiltrates was more often peripheral in adults and diffuse among children, and the predominant radiographic findings were consolidation and GGO both adults and children. In our study, GGO (66.6%) was the leading abnormality, and peripheral dominance was only 5.5% and diffuse distribution was 66.6% consistent with this literature.
Mediastinal or paratracheal LAPs were detected in 3 (22.2%) of our patients. Two patients in our study had negative LAP imaging on CXR but positive imaging on CT examination. Li et al. (23) Change in the level of consciousness 11.1 Table 2 . Clinical symptoms and signs of patients with H1N1 influenza and Im et al. (7) in 75%. In the study of Lee et al. (6) , abnormal findings were mostly symmetric in pediatric patients with a more severe clinical course, and nodular opacities, reticular opacities, or LAP was not observed in any patient in contrast with our study.
In our study, we determined that CXR was insufficient to detect subpleural nodules, LAPs, and sometimes GGO. Some of our patients did not have any abnormalities on CXR while having on thorax CT. Abbo et al. (24) for radiograph but positive for CT. This result can be associated with the explanation that thorax CT is more useful than CXR in showing radiological findings or H1N1 influenza radiological findings appear after the first days. Therefore, if a patient with H1N1 influenza presents with hypoxia but has negative radiography, a chest CT examination would be deemed useful to detect pneumonia at an early stage.
Prognostic factors for H1N1 influenza in children according to the radiological findings are not clear yet. Hypoxia was noted in half the children, and the frequency did not change according to ages in our study group. None of the radiological findings affected the duration of hospitalization and existence of hypoxia, but having only nodules affected the need for PICU admission (p=0.04). Im et al. (7) suggested that peribronchial cuffing, air-trapping, and nodules, which were related to small airway disease, are a causative factor of severe dyspnea. Agarwal et al. (15) reported that in patients in more severe stages of infection, the most frequent pattern was bilateral alveolar disease with predominance in the mid-basal lung zones. In the study of Teplisky et al. (5) , which included only CXR examinations in 47 patients, consolidation and GGO had a significantly higher frequency in patients who needed more days of oxygen supplement, and initial CXR with lobar consolidation was observed in patients with a greater risk of intensive care unit admission. Valente et al. (21) reported 50 patients with a severe clinical course of novel swine-origin influenza A (H1N1) virus (S-OIV) and found that lesion extent is related to aggressiveness of the illness and that the clinical course is worse in obese patients and that superinfection leads to worsening of clinical conditions. Lopez Delgado et al. (25) found thrombocytopenia as a mortality risk factor. We also found that existence of thrombocytopenia increased the need for PICU admission. Table 4 . Chest X-ray and computed tomography findings in children with H1N1 infection 
